A couple of minor comments: In the discussion, the elective major visceral surgery seems to be rather glossed over, when arguably the treatments with the greatest volume-outcome relationship and population impact are within this group. A little German has slipped into Figure 1(für rather than for in the cystectomy plot) The same reference has been duplicated in the bibliography (number 10 and 53)
REVIEWER
Paul Aylin Imperial College London, UK I lead the Dr Foster Unit at Imperial College London which is partly funded by Dr Foster (A wholly owned subsidiary of Telstra Health). I have also been running some analyses on German DeStatis data looking at casemix adjustment.
REVIEW RETURNED
02-Mar-2017
GENERAL COMMENTS
This paper, based on German data, aims to explore the relationship between hospital volume and mortality. Given the difficulties in obtaining national hospital activity data in Germany, the authors are to be congratulated for attempting this analysis. The paper is clearly written.
I have two key methodological issues:
I may be mistaken, but there doesn't appear to be a code for emergency/elective procedures within their casemix model or selection process, and this is probably a key casemix variable. The proportion of elective cases could be a key confounder related to volume. I believe the authors have tried to get around this by focussing on specific procedures and diagnoses, but for many, the procedures are not specific to either elective or emergency surgery (e.g. colorectal resection for carcinoma).
The other issue I have with the paper is that the authors have no information about the hospitals (presumably because of privacy concerns). This means that they are unable to look at type of hospital/and or location. It might be that all larger hospitals are University hospitals, and have a lower mortality because of their University status rather than simply volume. Another explanation might be that larger hospitals are found in larger conurbations, and there may issues around access/travel time, socio-economic deprivation which may also confound the results. Although it may not be possible to take these potential confounders into account in the analysis, the discussion should at least expand on this possibility.
Finally, although the findings are certainly of interest to a German audience, the are not new, given the number of papers on the volume/outcome effect published from other countries.
REVIEWER

Zhixin Liu Stats Central, UNSW, Australia REVIEW RETURNED
09-Apr-2017
GENERAL COMMENTS
1. The statistical methods were clearly described in the corresponding section. Logistic regression was applied appropriately to the binary outcome of mortality, with GEE used to accommodate the cluster (patients within hospitals) effect. 2. Regards to the hospital volume, it appears the hospital rank is based on the total volume over 5 years (2009) (2010) (2011) (2012) (2013) (2014) ? Is there any difference in time trend over 5 years among hospitals? A description of volume over year by hospital could be helpful? 3. In the result section, recommend the intra class correlation (ICC) to be reported, which will provide useful information for other researchers in designing their studies.
VERSION 1 -AUTHOR RESPONSE
Reviewer: 1 A couple of minor comments:
In the discussion, the elective major visceral surgery seems to be rather glossed over, when arguably the treatments with the greatest volume-outcome relationship and population impact are within this group.
We agree that the findings for major visceral surgery were discussed quite compact, as well as the findings for heart and thoracic surgery. We now extended the discussion on these treatment groups (p. 15) and highlighted the population impact regarding oesophageal surgery and pancreatic resection (p. 16).
A little German has slipped into Figure 1 (für rather than for in the cystectomy plot) The same reference has been duplicated in the bibliography (number 10 and 53)
Thank you for pointing that out. We corrected these mistakes.
Reviewer: 2 I have two key methodological issues: I may be mistaken, but there doesn't appear to be a code for emergency/elective procedures within their casemix model or selection process, and this is probably a key casemix variable. The proportion of elective cases could be a key confounder related to volume. I believe the authors have tried to get around this by focussing on specific procedures and diagnoses, but for many, the procedures are not specific to either elective or emergency surgery (e.g. colorectal resection for carcinoma).
In German administrative hospital data there is a flag for emergency admission. However, this flag identifies patients without referral by a local practitioner. As access to hospitals is not restricted, this data flag tells more about administrative mode of access than about medical urgency of hospital admission. Therefore, we tried to define the treatment groups representing elective surgery by diagnosis codes. We either excluded diagnoses which point to an emergency admission (e.g., for isolated coronary artery bypass graft we excluded patients with a principal diagnosis of acute myocardial infarction), or considered potential emergency diagnoses within the casemix model (e.g., for colorectal resections we considered complex diseases of intestine, like vascular disorders of intestine, ileus and obstruction, megacolon, abscess, and perforation of intestine). We believe that this approach is more accurate compared to using the rather invalid administrative data flag. However, we are aware that our approach might not have fully separated elective from emergency treatments and we added a paragraph on that issue to the limitations section of the discussion (p. 14).
We agree that this is a weakness of this study and we added a brief information about this to the bulleted list of strengths and limitations (p. 2) and to the limitations section of the discussion (p. 15). However, in the case of elective treatments, we assume that travel times, for example, are neglectable, given the very high density of hospitals in Germany as compared to other countries.
We agree that most of these findings are not new. However, to our knowledge, not many studies analysed complete national data covering all hospitals regardless from type of ownership and all patients regardless from type of insurance. Unlike data from other countries the German DRG data is widely free from selection bias or sampling errors. For example, many volume-outcome studies are
